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Pho-toelectric Conversion Apparatus 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a photoelectric 
conversion apparatus used for, e.g. auto- focusing of a 
camera . 

Related Background Art 

Normally, to measure the distance to an object, 
spot light is projected to the object, and 
triangulation is performed by receiving reflected 
light. In this case, the spot light is projected to 
the object from a light-emitting diode through a 
projecting lens, and the reflected light is received by 
the position detection element of a photoelectric 
conversion element through a light-receiving lens. The 
position detection element serving as a line sensor 
outputs signals A and B corresponding to the 
light-receiving position from two terminals of the 
position detection element. For this reason, the 
light-receiving position of the position detection 
element can be detected, and the distance to the object 
can be known from the light-receiving position. 

An example of the distance measuring apparatus is 
disclosed in Japanese Laid-Open Patent Application 
No. 8-233571 in which outputs from a sensor array are 
independently stored and transferred upon detecting 
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reflected light in accordance with ON/OFF of projection 
of IRED (infrared) light. 

According to this prior art, in the distance 
measuring apparatus which projects light to an object 
to perforin triangulation, for easy control of a pulse 
that determines the timing of charge transfer from the 
sensor array to a linear CCD connected to a ring CCD 
for integrating signal charges, signal charges 
generated in each sensor block in the light projection 
OFF state are transferred to the second storage 
section, and signal charges generated in each sensor 
block in the light projection ON state are transferred 
to the first storage section. These storage sections 
adjust the timing and parallelly simultaneously 
transfer the charges obtained in the light projection 
OFF state and those obtained in the light projection ON 
state to each CCD stage of the linear CCD. 

Japanese Laid-Open Patent Application No. 9-222553 
discloses an apparatus in which storage means for 
storing charges photoelectrically converted by a sensor 
array are arranged on both sides of the sensor array, 
and a charge transfer means is provided on the sensor 
array. The apparatus described in this prior art 
comprises a light projection means for projecting light 
to a distance measurement object, a sensor array having 
an array of a plurality of sensors for receiving 
reflected light from the distance measurement object 
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and photoelectrically converting the light, a plurality 
of storage means, arranged in units of the plurality of 
sensors, for storing output charges from the sensors, 
and a charge transfer means for a ring CCD at least 
partially having a ring-connected shape, to which the 
charges stored in the plurality of storage means are 
parallelly supplied, and the plurality of storage means 
are arranged on both sides of the sensor array along 
the array direction of the sensor array. 

Fig. 1 is a view for explaining the prior art. 
Referring to Fig. 1, a sensor S has pixels SI to S4. 
An electronic shutter ICG also serves as an overflow. 
A storage means STl stores charges in the light 
projection OFF state. A means ST2 stores charges in 
the light projection ON state. A shift gate SH 
transfers charges to a charge transfer stage CCD 
constructed by CCDs a' 1 to a' 8. A transfer stage CCD 
constructed by CCDs bl to b8 has a ring-shaped portion 
and integrates stored charges by circulating them, 

A skimming means SKIM is provided at the 
ring-shaped portion of the transfer stage CCD to 
discard predetermined amount of charges. An 
amplification section FG converts the charge amount 
into a voltage and outputs the voltage by the signal 
output section. A clearing means CCDCLR initializes 
the CCDs. 



As a distance measuring apparatus, another 
light-receiving portion including a ring CCD shown in 
Fig. 1 is prepared at a target position, and the 
distance to the object can be measured by triangulation 
on the basis of the difference from the output from the 
amplification section FG. From the measurement result, 
the position of an objective lens can be specified by, 
e.g., auto- focusing . 

Fig. 2 is a timing chart showing operation timings 
and signal states. IRED is an ON/OFF-control signal of 
the light projection means for projecting infrared 
light. One period of the signal IRED is synchronized 
with one round of the ring CCD transfer means. Charges 
stored in the storage means STl and ST2 in the light 
projection OFF and ON states are simultaneously 
transferred by the shift gates SH. 

Fig. 4 shows the flow of charges in the transfer 
stages a'l to a' 8 and bl to b8 at times tl to t9 and 
t ' 1. 

At time tl, charges Sn = OFF and Sn - ON stored in 
the storage means STl and ST2 of the sensors are 
transferred to the charge transfer stages a'l to a' 8 by 
the shift gates SH. 

At times t2 to t9, the charges are sequentially 
transferred to the charge transfer stages bl to b8 . At 
time t9, all the charges in the charge transfer stages 
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a'l to a' 8 are transferred to the ring transfer means 
bl to b8. 

At time t ' 1 , charges from the sensors are 
transferred, like at time tl, and simultaneously, all 
5 charges are transferred to the ring transfer means bl 
to b8. 

By repeating this operation, charges are 
accumulated in the charge transfer stages bl to b8 . 

The charge transfer stages a'l to a' 8 and bl to b8 
10 are controlled by driving pulses having the same 
frequency. 

Figs. 3A and 3B explain the operation of the 
skimming means. (1) to (4) are timings. Fig. 3 A shows 
an operation of discarding a predetermined charge 
15 amount. Fig. 38 shows an operation of inhibiting to 
discard the predetermined charge amount. 

Referring to Figs. 3A and 33, a means 81 measures 
the predetermined charge amount, A charge transfer 
means 82 receives charges overflowed from the measuring 
20 means 81, which is identical to the skimming means SKIM 
and charge transfer stage b7 shown in Fig. 1. 

At (1), charges are transferred to the charge 
transfer stage b8 , The charges are transferred to the 
measuring means 81 at (2). Overflowed charges are 
25 stored in the transfer means 82. 

At (2), if the charge transfer means 82 has a 
charge amount, it means that a predetermined charge 
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amount is measured by the measuring means 81. At (3), 
the predetermined charge amount is discarded by the 
clearing means CLR. 

Whether the charges are to discarded is determined 
5 on the basis of the charge amount in the light 

projection OFF state. Whether charges stored in the 
light projection ON state, which are paired with 
charges in the light projection OFF state of each 
sensor, are to be discarded complies with the 

10 determination for the OFF state. This is because the 
discarding operation is performed for only charges 
corresponding to external light. 

This also applies to Fig. 3B. Since no charges 
are stored in the transfer means 82 at (3), the charge 

15 amount in the measuring means 81 is smaller than the 
predetermined amount. Hence, the charges in the 
measuring means 81 are not discarded by the clearing 
means CLR but transferred to the charge transfer stage 
b6. 

20 At (4), charges in the measuring means 81 and 

transfer means 82 are added and transferred to the 
transfer stage b6 . 

In the prior art, however, the storage sections 
for the light projection ON and OFF states must be 

25 independently prepared per pixel. In addition, two 

stages of charge transfer means are required per pixel 
for the ON and OFF states. This results in the limited 
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sensor pitch and impedes size reduction of the 
apparatus . 

SUMMARY OF THE INVENTION 
5 It is an object of the present invention to 

realize a compact apparatus. 

In order to achieve the above object, according to 
an aspect of the present invention, there is provided a 
photoelectric conversion apparatus comprising: 
10 a sensor array for receiving reflected light from 

an object; 

first transfer means for transferring a signal 
from the sensor array; and 

ring-shaped second transfer means for integrating 
15 the signal from the first transfer means, 

wherein the first charge transfer means transfers 
a first signal from the sensor array in a light 
projection ON state and a second signal from the sensor 
array in a light projection OFF state at a 
20 predetermined timing, and a transfer frequency of the 
second transfer means is higher than that of the first 
transfer means. 

According to another aspect, there is provided a 
distance measuring apparatus comprising: 
25 light projection means for projecting light to an 

object; 



a plurality of sensor arrays for receiving 
reflected light from the object; 

a plurality of first transfer means for 
transferring signals from the plurality of sensor 
5 arrays, respectively; 

a plurality of second transfer means for 
integrating the signals from the plurality of first 
transfer means, respectively, wherein each of the first 
transfer means transfers a first signal from the sensor 
10 array in a light projection ON state and a second 

signal from the sensor array in a light projection OFF 
state at a predetermined timing, and a transfer 
frequency of each of the second transfer means is 
higher than that of each of the first transfer means; 
15 and 

distance measuring means for measuring a distance 
using a difference signal between the first signal and 
the second signal output from the plurality of second 
transfer means. 
20 According to still another aspect, there is 

provided a photoelectric conversion apparatus 
comprising : 

a sensor array for receiving reflected light from 
an object; 

25 first transfer means for transferring a signal 

from the sensor array; 
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ring-shaped second transfer means for integrating 
the signal from the first transfer means; and 

driving means for controlling to transfer a first 
signal from the sensor array in a light projection ON 
5 state and a second signal from the sensor array in a 

light projection OFF state to the second transfer means 
through the first transfer means, 

wherein after the first signal is transferred from 
the first transfer means, the driving means transfers 
10 the second signal to the first transfer means. 

According to still another aspect, there is 
provided a distance measuring apparatus comprising: 

a plurality of sensor arrays for receiving 
reflected light from an object; 
15 a plurality of first transfer means for 

transferring signals from the plurality of sensor 
arrays , respectively ; 

a plurality of ring-shaped second transfer means 
for integrating the signals from the plurality of first 
20 transfer means, respectively; 

driving means for controlling to transfer a first 
signal from the sensor array in a light projection ON 
state and a second signal from the sensor array in a 
light projection OFF state to the second transfer means 
25 through the first transfer means; and 

distance measuring means for measuring a distance 
using a difference signal between the first signal and 
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the second signal output from the plurality of second 
transfer means, 

wherein after the first signal is transferred from 
the first transfer means, the driving means transfers 
the second signal to the first transfer means - 

The other objects, features, and advantages will 
be apparent from the following detailed description in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view for explaining a conventional 
arrangement ; 

Fig. 2 is a timing chart for explaining a 
conventional operation; 

Figs. 3A and 3B are views for explaining the 
operation of a skimming means; 

Fig. 4 is a view for explaining) the operation in _ 
Fig. 2; 

Fig. 5 is a view for explaining the arrangement of 
the first embodiment of the present invention; 

Fig. 6 is a timing chart for explaining the 
operation of the first embodiment of the present 
invention; 

Fig. 7 is a view for explaining the operation in 
Fig. 5 of the present invention; 

Fig. 8 is a flow chart of the first embodiment of 
the present invention; 



- 11 - 

Fig. 9 is a timing chart for explaining the 
operation of the second embodiment of the present 
invention; and 

Fig. 10 is a flow chart of the second embodiment 
of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 5 is a view that best illustrates the 
characteristic feature of the first embodiment of the 
present invention. The same reference numerals as in 
Fig. 1 denote the same parts in Fig. 5. Referring to 
Fig. 5, a sensor S has pixels SI to S4. An electronic 
shutter ICG controls the signal charge amount from each 
sensor block. A storage means ST stores charges in the 
light projection OFF and ON states. A shift gate SH 
transfers charges to a charge transfer stage CCD 1 
constructed by CCDs al to a4. A transfer stage CCD 2 
constructed by CCDs bl to b8 has a ring-shaped portion 
and integrates stored charges by circulating them. 

In the storage means ST, projection light ON/OFF 
means projecting light/stopping projecting light from 
e.g., an infrared light projection means (not shown) to 
an object. These timings correspond to light-receiving 
ON and OFF timings according to the light amount of 
each sensor. 

A skimming means SKIM is provided at the 
ring-shaped portion of the transfer stage CCD to 
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discard predetermined amount of charges. An 
amplification section FG converts the charge amount 
into a voltage and outputs the voltage by the signal 
output section. A clearing means CCDCLR initializes 
the CCDs. 

As a distance measuring apparatus, another 
light-receiving portion including a ring CCD shown in 
Fig. 1 is prepared at a target position, and the 
distance to an object can be measured by triangulation 
on the basis of the difference from the output from the 
amplification section FG. From the measurement result, 
the position of an objective lens in e.g., 
auto- focusing can be specified. 

Unlike Fig. 1, the storage sections STl and ST2 
are unnecessary. In addition, as for the pitch of the 
sensor S, the number of stages of the transfer stages 
is changed from two to four. 

The transfer stage CCD is separated into a first 
transfer stage CCDl and second transfer stage CCD2, 
which are driven by different driving pulses. The 
second transfer stage CCD2 has a ring shape. 

The operation of the present invention will be 
described plainly with reference to Fig. 6. 

The largest difference from Fig. 2 is that one 
period of a signal IRED of light projection ON/OFF 
corresponds not to one round of the ring but to two 
rounds of the ring. 
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That is, charge transfer is "time-serially 
performed every round of the ring for each of the light 
projection ON and OFF states, unlike the prior art in 
which charges in the light projection ON and OFF states 
5 are simultaneously transferred. 

This is because ON or OFF signals are continuously 
transferred on the first transfer stage CCDl, and when 
the signals are transferred to the second transfer 
stage CCD2, they are transferred to every other stage 

10 of the second transfer stage CCD2 . 

To transfer signals to every other stage, the 
frequency of the transfer clock pulse of the second 
transfer stage CCD2 is set to be twice that of the 
first transfer stage CCDl . 

15 More specifically, ON signals stored during the 

first round of the ring enter the even-numbered stages 
of the second transfer stage CCD2 to every other stage 
in the second round of the ring. OFF signals stored 
during the second round of the ring enter the 

20 odd-numbered stages of the second transfer stage CCD2 
to every other stage in the third round of the ring. 
To transfer the signals to the odd- or even-numbered 
stages, the phase of the transfer clock is controlled 
by the first transfer stage CCDl and second transfer 

25 stage CCD2 . 
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Fig. 7 shows the flow of charges in the transfer 
stages al to a4 and bl to b8 at times tl to tl7, t*l, 
and t * 2 . 

At time tl, charges Sn ON from the sensors in the 
5 light projection ON state are transferred to the first 
charge transfer stage CCDl by the shift gates SH. 

At times t2 to t8, the charges are transferred 
from the first transfer stage CCDl to the second 
transfer stage CCD2 . The charges are transferred to 
10 every other stage of the second transfer stage CCD2. 

At time t9, charges Sn OFF in the light projection 
OFF state are transferred to the first transfer stage 
CCDl by the shift gates SH. 

At times tlO to tl7, the OFF charges are 
15 transferred to the second transfer stage CCD2 . The 
charges are transferred to positions before the ON 
charges paired with the OFF charges _ of the 
corresponding sensor and between the Sn ON pixels. The 
operation at time t'l is the same as at time tl . 
20 Fig. 8 is a control flow chart of the first 

embodiment shown in Fig . 6 . 

In step SI, the shift gate pulse of the shift gate 
SH is stopped to inhibit charge transfer to the charge 
transfer stage CCDl, and the flow advances to step S2. 
25 In step S2, charges in the first and second charge 

transfer stages CCDl and CCD2 are cleared and 
initialized by the clearing means CCDCLR in the second 
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charge transfer stage CCD2 that constructs the ring, 
and the flow advances to step S3. 

In step S3, it is determined whether the charge 
transfer stages CCDl and CCD2 are sufficiently 
5 initialized, and the flow advances to step S4. Whether 
sufficient initialization is performed may be 
determined on the basis of the number of rounds of the 
ring or the output from the amplification section FG. 
In step S4, the clearing means CCDCLR is turned 
10 off, and the flow advances to step S5 . 

In step S5, a light projection means (e.g., an 
infrared light-emitting element IRED) (not shown) is 
turned on to project light to the object, and the flow 
advances to step S6. 
15 In step S6, it is determined that the ring CCD2 

has been driven by one round. If YES in step S6, the 
flow advances to step S7 . 

In step S7, the light projection means is turned 
off, and the flow advances to step S8 . At this time, 
20 the light projection ON signals and external light are 
being stored in the storage means ST. This operation 
corresponds to the first round of the ring shown in 
Fig. 6. 

In step S8, one pulse is supplied to the shift 
25 gates SH to transfer the charges from the storage 

section ST to the first charge transfer stage CCDl, and 
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the flow advances to step S9 • This operation 
corresponds to time tl in Fig. 7. 

In step S9, since the second charge transfer stage 
CCD2 that constructs the ring is always driven by the 
5 transfer clock at a predetermined period, the first 
charge transfer stage CCDl is driven such that the 
charges are transferred from the first transfer stage 
CCDl to the even-numbered stages of the second transfer 
stage CCD2 at that period, and the flow advances to 

10 step SIO- 

In step SIO, it is determined whether the ring has 
been driven by one round. If YES in step SIO, the flow 
advances to step Sll. When processing waits for one 
round, all charges are transferred to the second charge 

15 transfer stage CCD2. This operation corresponds to the 
second round of the ring shown in Fig. 6, i.e., times 
t2 to t8 in Fig, 7. . - 

In step Sll, the light projection means is turned 
on again, and the flow advances to step S12. 

20 In step S12, one pulse is supplied to the shift 

gates to transfer charges from the storage section ST 
to the charge transfer stage CCDl, as in step S8, and 
the flow advances to step S13. This operation 
corresponds to time t9 in Fig. 7. 

25 In step S13, the charge transfer stage CCDl is 

driven to transfer charges from the first charge 
transfer stage CCDl to the odd-numbered transfer stages 



of the second charge transfer stage CCD2 at the period 
of the ring, as in step S9, and the flow advances to 
step S14. 

In step S14, processing waits for one round of the 
ring, as in step SIO, and the flow advances to step 
S15. This operation corresponds to times tlO to tl7 in 
Fig. 7. This corresponds to the third round of the 
ring. At this time, both the light projection ON and 
OFF signals are stored. 

In step SI 5, only charges of external light in the 
odd-numbered stages are subtracted from charges of 
projection light signals and external light in the 
even-numbered stages to determine whether the charges 
of light projection signals have reached a 
predetermined amount. If YES in step S15, the flow 
advances to step S16. If NO in step S15, the flow 
returns to step S7 to continue integration by the ring. 

In step S16, the light projection means is turned 
off, and the flow advances to step S17. 

In step S17, the shift gates SH are stopped such 
that no charges are stored. 

With the above operation, the signals are stored 
in the charge transfer stage of the ring CCD2 . 

Fig. 10 is a flow chart showing the second 
embodiment of the present invention. The arrangement 
of the light-receiving section of this embodiment is 
the same as in the first embodiment shown in Fig. 5. 




- 18 - 

Referring to Fig. 10, the operation until step SIO is 
the same as in the first embodiment. 

When it is determined in step SIO that the ring 
has been driven by one round, the flow advances to step 
5 SlOl, 

In step SlOl, one pulse is supplied to shift gates 
SH to transfer charges from a storage section ST to a 
charge transfer stage CCDl, as in step S8, and the flow 
advances to step S102. 

10 In step S102, the charge transfer stage CCDl is 

driven to transfer charges from the charge transfer 
stage CCDl to the odd-numbered transfer stages of a 
charge transfer stage CCD2 at the period of the ring 
CCD2, as in step S9, and the flow advances to step 

15 S103. 

In step 8103, processing waits for one round of 
the ring, as in step SIO, and the flow advances to step 
S104. 

This operation corresponds to the third round of 
20 the ring shown in Fig. 9. At this time, both the light 
projection ON and OFF signals are stored. 

In step S104, only charges of external light in 
the odd-numbered stages are subtracted from charges of 
projection light signals and external light in the 
25 even-numbered stages to determine whether the charges 
of light projection signals have reached a 
predetermined amount. If YES in step S104, the flow 



advances to step SI 14. If NO in step S104, the flow 
advances to step S105. 

In step S105, the light projection means is turned 
on, and the flow advances to step S106. 

In step S106, skimming for discarding a 
predetermined charge amount is inhibited, and the flow 
advances to step S107. The reason for this is as 
follows. In the fourth round of the ring shown in 
Fig- 9, OFF signal > ON signal. Skimming is determined 
by the OFF signal. Hence, skimming is inhibited to 
prevent undesired skimming. 

In step S107, for the light projection OFF signals 
stored in the third round of the ring shown in Fig. 9, 
the same processing as in steps SlOl, S102, and 8103 is 
performed. Since the first charge transfer stage CCDl 
keeps to transfer charges to the odd-numbered stages, 
the flow advances to steps S107 and then S108. 

Step S108 corresponds to the fourth round of the 

ring. 

In step S109, skimming is permitted again because 
OFF signal > ON signal holds only in rounds of a 
multiple of 4. The flow advances to step SllO. 

In steps SllO to S112, light projection ON signals 
are stored. Hence, the same operation as in steps S8, 
S9, and SIO is performed, and the flow advances to step 
S113. This operation corresponds to the fifth round of 
the ring . 
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In step SI 13, it is determined whether the charges 
of signals have reached a predetermined amount, as in 
step S104. If YES in step S113, the flow advances to 
step S114. If NO in step S113, the flow returns to 
5 step S7. 

In step SI 14, the light projection means is turned 
off, and the flow advances to step S115. 

In step S115, the shift gates SH are stopped. 
Steps S114 and S115 are the same as steps S16 and S17 
10 in Fig. 8. 

The photoelectric conversion apparatus described 
in the first or second embodiment has the following 
ef fects- 

As described above, the first transfer stage 
15 occasionally transfers charges at each of the ON and 

OFF timings of light projection. For this reason, one 
storage section can be commonly used as both the light 
projection ON and OFF storage sections. In addition, 
the first transfer stage is also commonly used for both 
20 ON and OFF states. 

Hence, the sensor pitch can be halved as compared 
to the prior art. 

Since cost reduction and an increase in resolution 
can be realized by reducing the chip size, the 
25 apparatus can be made compact - 

In addition, saturation by external light is 
prevented by the skimming means . 
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Skimming is accurately determined when charges in 
the light projection OFF state go ahead of those in the 
light projection ON state in a pair of pixels in the 
second transfer stage. Signals in the light projection 
5 OFF state are added to light projection ON pixels. For 
this reason, skimming of charges of external light must 
be determined by light projection OFF pixels. This 
provides an effect of accurately determining skimming. 

When storage is started at the light projection ON 

10 timing, skimming determination control is simplified. 

More specifically, charges have a relationship, light 
projection ON signal > OFF signal in the second charge 
transfer means. Hence, the skimming determination 
means always determine and control skimming. 

15 In case of light projection ON signal < OFF signal 

and when skimming is performed by determining by the 
light projection OFF signals, the number of times of 
external light storage in the light projection ON state 
is too small, and charges corresponding to the signals 

20 may also be discarded. This effect simplifies skimming 
determination control . 

When the light projection ON and OFF timings are 
alternated such as ON/OFF/OFF/ON, the numbers of rounds 
of transfer in the second charge transfer means can be 

25 finally equalized. With this arrangement, the light 

projection ON and OFF signals are similarly influenced 
by the transfer efficiency, so the influence is 
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canceled. With this effect, the influence of the 
transfer efficiency has no difference between the light 
projection ON and OFF states. 

When light projection ON and OFF states alternate 
5 such as ON/OFF/OFF/ON, and in case of ON signal < OFF 
signal in the second charge transfer stage, skimming 
control is inhibited to normally operate the apparatus. 
With this effect, skimming can be accurately 
determined . 

10 A distance measuring apparatus using the apparatus 

described in the first or second embodiment will be 
described next. Two apparatuses shown in Fig. 5 
described in the first or second embodiment are used. 
The difference signal between a signal in the light 

15 projection ON state and a signal in the light 

projection OFF state is obtained from each apparatus. 
On the basis of the difference signals output from the 
apparatuses, pixels of the sensors of the apparatus, 
which are receiving light, are detected, thereby 

20 obtaining the distance to the object. 

Many widely different embodiments of the present 
invention may be constructed without departing from the 
spirit and scope of the present invention. It should 
be understood that the present invention is not limited 

25 to the specific embodiments described in the 

specification, except as defined in the appended 
claims. 



